ABSTRACT -Clove is a plant that presents antimicrobial, antioxidant and anesthetic properties. The objectives were to evaluate extraction yield and antioxidant activity of clove bud extract. Extraction was performed using supercritical fluid extraction (SFE) with CO 2 , hydro-distillation (HD) and ultrasound extraction (UE). Extract yield reached values of 22 ± 1% (w/w) for UE with ethanol, 13 ± 2% (w/w) for UE with water, 12.5 ± 0.5% (w/w) for SFE and 3.6 ± 0.6% (w/w) for HD. The antioxidant activity of extracts was evaluated by DPPH and best results of EC 50 were obtained for UE extracts using ethanol (26 μg/mL) and HD (27 μg/mL). The total phenolic content was measured by Folin Ciocalteau method and the best result was obtained for SFE (448 ± 38 mg GAE/g). The best result for the method of bleaching system β-carotene/linoleic acid was achieved for the clove extract obtained by SFE (94 ± 4%). SFE extracts presented lower yields compared to UE extracts, but presented good results of antioxidant activity.
INTRODUCTION
The food, cosmetics and pharmaceuticals industries are benefited by the use of essential oils because of the aromatic compounds with therapeutic properties and protection against oxidation processes (Andrade et al., 2012 ).
Brazil is a major producer of spices and herbs, and its main products are pepper, clove, cinnamon, ginger, mint, eucalyptus and chamomile (Oliveira et al. 2009 ).
Clove (Eugenia caryophyllus) is a plant widely used for various applications. The literature presents publications attributing biological activities to the essential oil of clove, such as antimicrobial, antioxidant and anesthetic (Scherer et al., 2009 ).
Demand for natural antioxidants has been increased due to consumer concerns about the safety of synthetic antioxidants. Among the groups of components with antioxidant properties against radical reactions are the phenolic compounds, particularly flavonoids, which have shown important antioxidant activity based on their structural characteristics, such as number and position of phenolic hydroxyls and other groups. Additionally, antioxidant compounds are used in oily food products, to prevent or reduce the oxidative rancidity, and also play an important role in preventing or slowing the progress of degenerative diseases (Benneli et al., 2010) . Therefore, the aim of the present work was to investigate the extraction of clove (Eugenia caryophyllus) oil by supercritical fluid extraction (SFE) with CO 2 , by ultrasound extractions (UE) with different solvents and by hydro-distillation (HD). The results were compared in terms of process yield and antioxidant activity by DPPH, total phenolic content (Folin Ciocalteau) and β-carotene bleaching methods. The kinetic and the mathematical modeling of the SFE were also studied.
MATERIALS AND METHODS

Raw Material and Sample Preparation
The clove (button) used to perform the extraction was purchased at a health food store, located in Itajaí/SC, Brazil. The material was ground in a knife mill (De Leo, Porto Alegre/RS, Brazil) and characterized by size classification in a vertical vibratory sieve shaker (Bertel Metalurgic Ind. Ltda., Caieiras/SP, Brazil). For the experiments, the fraction of material used was between sieves size -20/+65 mesh. The sample was stored at 255,15K in a domestic refrigerator (Freezer 250, Brastemp, São Paulo/SP, Brazil) until the extractions were performed.
Supercritical Fluid Extraction (SFE)
The SFE of clove was performed in a dynamic extraction unit with CO 2 as solvent, 99.9% pure (White Martins, Brazil). The extraction procedure was described by Wenqiang et al. (2007) . It was performed in a packed bed of 15g of milled material at 100 bar and 50°C with a minimum mass flow rate of CO 2 of 0.2 kg/h for 90 min. The extract was collected in amber flasks and weighted in an analytical balance (AY220, Shimadzu do Brasil Ltda., São Paulo/SP, Brazil). Figure 1 presents the supercritical extraction equipment.
The yield results of SFE assay was obtained by the mean value of the duplicated experiments considering the ratio between mass of extracted oil and mass of raw material. The yield results were compared with data from the different extraction techniques (Section 2.3).
Low Pressure Extraction (LPE)
Ultrasound extraction (UE): The extractions were run according to Benneli et al. (2010) . It was used 7g of clove sample and 210 mL of solvent, placed inside an amber flask. The extraction time was 1h, conducted at room temperature and performed in duplicate. The equipment used was an ultrasonic cleaner bath (Unique Ultracleaner, USC-700), which operates in a frequency of 55 kHz and potency of 220 V. The UE was performed with ethanol (EtOH) and distillated water (WT), with polarity of 5.2 and 9.0, respectively (Benneli et al., 2010) . Hydro-distillation (HD): The HD extraction was carried out with 50g of sample and 700 mL of distillated water placed inside a modified Clevenger apparatus for 6h at water boiling point.
Extracts treatment and solvent elimination: The resulting mixtures from each technique with different solvents, were separated by using reduced pressure to evaporate the solvents in a rotary evaporator (Mod. 550 e 802, Fisatom, São Paulo/SP, Brazil) obtaining the extracts. The global yield for each low pressure extraction (UE and HD) was obtained by the mean value from the duplicate experiments considering the ratio between mass of extracted oil and mass of raw material used.
Mathematical Modeling
The overall extraction curve (OEC) for the clove supercritical extraction was obtained by the extraction yield (as accumulated mass) versus extraction time. In the kinetic evaluation the Martinez et al. (2003) model was adjusted to the extraction curve.
The OEC may be represented by three sections: the constant extraction rate period (CER), the falling extraction rate period (FER) and the diffusive controlled period (DCP) (Ferreira and Meireles, 2002) .
The software Mass Transfer, developed by Correia et al. (2006) and described by Kitzberger et al. (2009) was used to implement the model. The logistic model by Martinez et al. (2003) is based on the mass balance of the extraction bed and neglects the accumulation and dispersion in the fluid phase because these phenomena have no significant influence on the process when compared to convection effect.
AntioxidantActivity
The antioxidant activity was performed for all clove extracts obtained by SFE and by LPE. The results were compared with a synthetic compound with antioxidant activity, BHT (butylated hydroxyl toluene).
Free radical scavenging activity (DPPH): The free radical scavenging activity of the clove extracts was evaluated using 1,1-diphenyl-2-picrylhydrazil (DPPH) radical scavenger method. Briefly, the clove extract was mixed with a 0.3 mmol/L DPPH ethanol solution to give final concentrations of 5, 10, 25, 50, 125, 250 and 500 mg/mL of DPPH solution. After 30 min at room temperature, the absorbance values were measured at 517 nm and converted into percentage of antioxidant activity (%AA). DPPH is a free radical, stable at room temperature, which produces a violet solution in ethanol. In presence of antioxidant compounds the DPPH is reduced producing a non-colored solution. This activity was also expressed as the effective concentration at 50% (EC 50 ), the concentration of the solution required to give a 50% decrease in the absorbance of the test solution compared to a blank solution (Mensor et al., 2001 ). The result data for DPPH assays were obtained considering the mean value of triplicate assays.
Total phenolic content (TPC): The TPC was determined for each extract sample according to the Folin Ciocalteau method (Singleton, 1965; Peschel et al., 2006) . Briefly, the reaction mixture was composed by 0.1 mL of extract (1.67 g/L), 0.5 mL of Folin Ciocalteau reagent (a mixture of phosphomolybdate and phosphotungstate) and 1.5 mL of 20% sodium carbonate, placed in amber flasks. The flasks were agitated, held for 2h and the absorbance was measured at 765 nm. The TPC was calculated according to a standard curve, prepared previously with gallic acid. The results (mean value of the triplicate assays) were expressed as milligrams of gallic acid equivalent (GAE) per gram of the extract (mg GAE/g). β-carotene bleaching method: A model system made of β-carotene and linoleic acid undergoes a rapid discoloration in the absence of an antioxidant. The free linoleic acid radical is formed upon a hydrogen reduction by the β-carotene molecules, changing its color. The β-carotene bleaching rate was determined by the differencein absorbance (470 nm) values at 2h. The antioxidant activity from the β-carotene/linoleic acid system was carried out according to the method described by Matthäus (2002) and Kang et al. (2006) . Briefly, 40 mg of linoleic acid and 400 mg of Tween 20 were transferred into a flask and 1 mL of chloroform was added. Chloroform was removed by rotary evaporation at 40ºC. Then 100 mL of distilled water was slowly added and vigorously agitated to form a stable emulsion. An aliquot of 5 mL of this emulsion was added with 0.2 mL of ethanolic clove extract solution (1.67 g/L) and the absorbance was immediately measured at 470 nm against a blank consisting of the emulsion without β-carotene. The tubes were placed in a water bath at 50ºC and the absorbance was measured every 30 min up to 120 min. The absorbance values (mean of the triplicate experiments) were converted into percentage of antioxidant activity (%AA).
Statistical Analysis
The global yield and antioxidant activity results were statistically evaluated by a one-way analysis of variance (ANOVA), using the Software Microsoft Excel 2007 in order to detect significant differences between values in clove oil extractions by SFE and LPE, and among the percentage of antioxidant activity. The significant differences (p < 0.05) were analyzed by Tukey's test.
RESULTS AND DISCUSSION
Global Yield of SFE and LPE
The results for extraction yield obtained by UE with different solvents and HD are presented in Table 1 , which compares the values for global yield obtained by SFE. (2) Same letters indicate no significant difference at level of 5% (p < 0.05).
According to Table 1 , the UE (Ethanol) provided highest global yield value of 22 ± 1% (w/w). The UE (Water) and SFE are not statistically different at 5% level of significance (p < 0.05). The HD had the lowest global yield value (3.6 ± 0.6% (w/w)), which indicates that high temperature applied in the extraction and the long time destroyed volatile compounds, decreasing the global yield. Martinez et al. (2007) studied supercritical extraction of clove at a pressure of 100 bar and temperature of 35ºC and obtained yield of 13.5% (w/w), a similar result to that obtained in this work.
Mathematical Modeling
The experimental and the modeled OEC for clove extract are presented in Figure 2 . According to the kinetics assays from the SFE conducted at 100 bar, 50ºC and 0.2 kg CO 2 /h, the constant extraction rate (CER) period occurs between 0 and 50 min, the falling extraction rate (FER) period seems to begin after 50 min (between 50 and 60 min) while the diffusive controlled period (DCP) started after 60 min. The adjustable parameter b and mean square errors (MSE) obtained by the Martinez et al. (2003) model is 0.08 and 0.002 respectively. 
Antioxidant Activity
Antioxidant activity results for DPPH, TCP (Folin Ciocalteau) and β-carotene/linoleic acid analysis for clove extracts obtained from different extraction methods (SFE and LPE) compared to BHT are presented in Table 2 .
The best EC 50 results (determined by DPPH method) were obtained by UE (Ethanol) and HD extraction, although these results are not statistically different at 5% level of significance (p<0,05). According to Table 2 , the values of antioxidant activity (%AA) for clove extracts were higher than for the synthetic antioxidant BHT and the EC 50 results for BHT were higher, which shows that the clove extracts have great potential antioxidant.
The best TPC result was obtained for SFE (448 ± 38 mg GAE/g). The literature shows 50ºC as the optimum temperature for phenolic compounds extraction from vegetable matrixes (Benneli et al., 2010) . Table 2 shows that the total phenolic content of clove extracts were higher than the synthetic antioxidant BHT, which shows that it was possible to extract phenolics compounds effectively.
According to Table 2 , values for the antioxidant activity by β-carotene bleaching method show that SFE obtained at 100 bar and 50ºC (94 ± 4%) are not statistically different at level of 5% from BHT results (99 ±7%). The supercritical technology proved to be very effective in the extraction of phenolic compounds, this result suggests that heating the solution for the test of antioxidant activity for the temperature during the extraction process (around 50ºC), does not cause the decrease of antioxidant activity, which is useful in food processing. 
CONCLUSIONS
The use of clove as a raw material for the production of antioxidant extracts is promising due to the high quality of the present compounds. The different extraction methods used to obtain the extracts showed that the extracts obtained by ultrasound and supercritical CO 2 presented higher yield when comparing with the hydro-distillation extraction. Clove extract yield reached valuesof 22 ± 1% (w/w) for ultrasound extraction with ethanol and 13 ± 2% (w/w) for ultrasound extraction with water, for supercritical extraction the yield was 12.5 ± 0.5% (w/w) and 3.6 ± 0.6% (w/w) for hydro-distillation.
The different methods of antioxidant activity showed the importance of supercritical extraction in obtaining bioactive extracts. The best result of the total phenolic content of the extracts was obtained by supercritical fluid extraction (448 ± 38 mg GAE/g). When the antioxidant potential was assessed by the discoloration of β-carotene/linoleic acid system, the best result was also obtained by supercritical fluid extraction (94 ± 4%). In tests for the determination of antioxidant potential by DPPH method, the best results of EC 50 were obtained for extracts of cloves by ultrasound (26 μg/mL) using ethanol as solvent and hydro-distillation (27 μg/mL) and supercritical fluid extraction (33 μg/mL) with no significant difference by the Tukey's test at 95% confidence level. Therefore, supercritical extraction proved to be a technique of highlight in obtaining compounds with antioxidant activity.
